Oxygen pressure gradients in isolated cardiac myocytes.
Intracellular oxygen pressure within intact isolated cardiac myocytes is studied as a function of steady state extracellular oxygen pressure. The fractional saturation of myoglobin with oxygen is used to report sarcoplasmic oxygen pressure. The fractional oxidation of cytochrome oxidase, the fractional oxidation of cytochrome c, the rate of respiratory oxygen uptake, and lactate accumulation are used to reflect the availability of oxygen at the inner mitochondrial membrane. These probes of mitochondrial function show no large change with decreasing extracellular oxygen pressure until that pressure is less than 2 torr and intracellular myoglobin is largely deoxygenated. Sarcoplasmic oxygen pressure in resting cells is nearly the same as extracellular oxygen pressure and is about 2 torr less in cells whose respiration has been increased 3.5-fold by mitochondrial uncoupling. Oxygen pressure at the mitochondrial inner membrane differs from sarcoplasmic oxygen pressure by no more than 0.2 torr and from extracellular oxygen pressure by no more than 2 torr. We conclude that differences of oxygen pressure within the cardiac myocyte are very small. This implies that most of the large, about 20 torr, difference in oxygen pressure between capillary lumen and mitochondria of the working heart must be extracellular. We conclude also that mitochondria of the cardiac myocyte become oxygen limited only when sarcoplasmic myoglobin is almost entirely deoxygenated.